T he aim of the Stockholm Convention on Persistent Organic Pollutants (POPs) is to eliminate persistent organic chemicals worldwide by either prohibiting their production and use or gradually reducing them. The Stockholm Convention was adopted in 2001 and entered into force in 2004, 90 days after receiving the 50 th instrument of ratification. The Parties to the Convention have to regularly report progress in implementation of their measures taken to achieve the goals. The Convention has a mechanism to add more compounds; today 28 POPs are covered, 16 more than the initial ones.
The Stockholm Convention on POPs is a legally binding instrument for the protection of human health and the environment. Together with the Basel and Rotterdam Conventions, these three multi-lateral agreements are a unique framework for the life cycle management of hazardous chemicals and wastes. A "cradle-to-grave" approach is applied with interlinkages between their scopes of application:
• most POPs are covered by all three conventions; • many pesticides are subject to the three conventions; • as waste, all chemicals fall under the scope of the Basel Convention.
The three conventions are implemented by the Basel, Rotterdam and Stockholm Conventions (BRS) Secretariat, situated in Geneva, Switzerland, through (i) decisions by the Conference of the Parties (COPs); (ii) BRS-approved workplans; (iii) a resource-mobilization strategy; (iv) a communication strategy; and (v) a technical-assistance programme. Some facts about these conventions are summarized to the right.
History and Background
In 1995, the Governing Council of the United Nations Environment Programme (UNEP, now UN Environment) called for a global action on an initial list of 12 POPs. It was also requested that the Intergovernmental Forum on Chemical Safety (IFCS) should develop recommendations on international action for consideration no later than 1997 (www.pops.int). IFCS found that the scientifi c information on these POPs was suffi cient to conclude that immediate international action was needed to protect human health and the environment. These conclusions and recommendations were approved by the UNEP Governing Council (GC) and the World Health Assembly and it was decided to begin negotiations of a global legally binding instrument by early 1998 within the framework of overarching objectives that were to be handled by an intergovernmental negotiating committee (INC) (Buccini, 2003 (i) Evidence that the bio-concentration factor or the bio-accumulation factor in aquatic species for the chemical is greater than 5000, or in the absence of such data, that the log K OW is greater than 5; (ii) Evidence that a chemical presents other reasons for concern such as high bio-accumulation in other species, high toxicity or ecotoxicity; or (iii) Monitoring data in biota indicating that the bio-accumulation potential of the chemical is sufficient to justify its consideration within the scope of the Stockholm Convention; (d) Potential for long range transport:
(i) Measured levels of the chemical in locations distant from the sources of its release that are of potential concern; (ii) Monitoring data showing that long-range environmental transport of the chemical, with the potential for transfer to a receiving environment, may have occurred via air, water or migratory species; or (iii) Environmental fate properties and/or model results that demonstrate that the chemical has a potential for long-range environmental transport through air, water or migratory species, with the potential for transfer to a receiving environment in locations distant from the sources of its release. For a chemical that migrates significantly through the air, its halflife in air should be greater than two days; and (e) Adverse effects:
(i) Evidence of adverse effects to human health or to the environment that justifies consideration of the chemical within the scope of this Convention; or (ii) Toxicity or ecotoxicity data that indicate the potential for damage to human health or to the environment.
The Stockholm Convention
The POPs are listed in one or more of three annexes with different obligations; Annex A for elimination of production and use, Annex B for restriction of production and use, and Annex C for unintentionally generated and released substances. How the elimination and restriction are going to be carried out is described administratively and technologically (Articles 3 -6, 11 and 12). The detailed implementation is up to the Parties to plan, present, update and execute (Article 7); specific actions are to be reported through Article 15.
The Stockholm Convention has proven to be a dynamic document and since 2009, 16 more POPs have been added. Whereas the 12 initial POPs were all chlorinated chemicals and had direct uses such as pesticides or industrial chemicals, many of the more recent POPs are integrated into articles or products such as flame retardants and water repellent chemicals.
The POPs presently listed in the Stockholm Convention are displayed in Table 1 .
Chemicals in Annexes A and B
For the initial 12 POPs, all production and new uses ended in 2009, but time-limited exemptions exist for many of the newly listed POPs such as HBCD, PCP, PCNs, lindane, technical endosulfan and polybrominated diphenyl ethers. The register is publicly available (http://chm.pops.int/Implementation/Exemptions/ SpecificExemptions/ChemicalslistedinAnnexA/ tabid/4643/Default.aspx). PCB can remain in existing applications such as transformers or capacitors until 2025 for all Parties.
For the two POPs listed in annex B-DDT and PFOS-there are not yet safe and affordable alternatives available and therefore, they can still be produced or used for acceptable purposes. For DDT, the acceptable purpose is disease vector control but parties are required to notify the Secretariat of such production or use or the intention to do so. The Secretariat maintains a DDT Register which presently has 17 countries listed (Botswana, Eritrea, Ethiopia, India, Madagascar, Marshall Islands, Mauritius, Mozambique, Namibia, Senegal, South Africa, Swaziland, Uganda, Venezuela, Yemen, Zambia, Zimbabwe). Parties may withdraw from In an attempt to summarize production and use of DDT, the Chemicals Branch of the United Nations Environment Programme (UNEP) in collaboration with partners, has compiled available information regarding historic production and use (Table 2 : Start, end, and total quantity of production of DDT by country.).
For PFOS, a list of acceptable purposes has been established; this includes photoimaging, aviation fluids, metal plating in closed loop systems, fire-fighting foams, and for control of leaf-cutting ants (http://chm.pops.int/ Implementation/Exemptions/AcceptablePurposes/ tabid/793/Default.aspx).
PCBs have received special attention for years. The Convention requires the parties to eliminate the use of PCB in equipment by 2025 and make determined efforts to environmentally-sound waste management by 2028. Reports on progress towards their elimination should have been provided every five years but information is scarce. In order to keep track of the situation, an inventory of historic PCB production has been developed (Table 3 : Estimated total global production of PCB according to country and period.), and the progress towards the elimination of PCBs according to the 2025 and 2028 goals is under evaluation.
Chemicals in Annex C
Chemicals in Annex C are formed and released unintentionally during the production of other compounds or in thermal processes. To prevent formation of these POPs and reduce their unintentional releases, Parties shall develop release inventories, apply best available techniques (BAT) and promote best environmental practices (BEP) and report progress every five years. Among the POPs listed in Annex C, the polychlorinated dibenzo-p-dioxins (PCDD) and dibenzofurans (PCDF) are the only ones that are exclusively listed in this annex and therefore serve as a model for the other POPs listed in the same annex. A guidance document has been prepared describing how to identify and quantify formation and release to five vectors-air, water, land, products, residues-that allows the development of complete and comparable inventories. Periodically, the inventories have been assessed and the latest assessments were published in 2016 (Fiedler, 2016; Wang et al., 2016) . Based on 86 national release inventories and other data, the global release of PCDD and PCDF 
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The Stockholm Convention was estimated to be approximately 100 kg toxic equivalents per year (g TEQ/yr) ( Table 4 : Global estimate of PCDD/PCDF releases (TEQ per year)).
Stockpiles and wastes
According to the Convention, Parties shall manage stockpiles and wastes containing listed chemicals in a manner protective of human health and the environment. POPs in wastes are not allowed to be reused or recycled. In close cooperation with the parties to the Basel Convention, the maximum POPs content has been defined, for single POPs pesticides and PCB at 50 mg/kg and for new POPs that are incorporated into articles around 1000 mg/kg, and 15 µg TEQ/kg for PCDD and/or PCDF. Concentrations above these levels, waste consisting of, containing or contaminated with the listed POPs have to be treated using recommended destruction technologies.
Effectiveness evaluation and global monitoring plan
A mechanism to assess the success of the activities undertaken worldwide to implement the Stockholm Convention is laid down in Article 16. These assessments are based on comparative analytical data on concentrations of POPs, national reports from the 182 Parties to the Convention (Article 15), and non-compliance information provided pursuant to established procedures (Article 17). To date, the Conference of the Parties could not agree on a compliance mechanism (according to Article 17). Presently, information gathering is underway for the fourth collection of national reports. Hopefully, the submission of the reports will be better than in the past; in 2007, 2011 and 2014 the numbers were as low as 45, 95 and 93, respectively (for overview and update, see http://chm.pops.int/ C o u n t r i e s / R e p o r t i n g / R e p o r t i n g D a t a b a s e / tabid/7477/). As to new POPs, parties have the possibility to opt out; i.e. not to ratify the listing of new POPs. 4/5th survey (2005) (2006) (2007) (2008) (2009) (2010) pg TEQs/g lipid
The Stockholm Convention
To assess changes of POP concentrations in the environment or in humans, a Global Monitoring Plan (GMP) for POPs has been set up. The GMP includes training of POP laboratories in developing countries and interlaboratory assessments on POPs with the aim that all laboratories that provide results to the GMP have successfully participated in these assessments. As core matrices, ambient air and human tissues (human milk or human blood) have been chosen for all POPs, and in addition, surface water for the hydrophilic chemicals (presently, only PFOS). Guidelines for sampling and analysis of the POPs have been established and are updated as more POPs are listed. The monitoring data presently addresses 23 of the 28 POPs and are broadly shared through the GMP data warehouse (http://www.pops-gmp.org/). Especially, the human milk monitoring activities-jointly performed with the World health Organization (WHO)-have provided harmonized and comparable data of high quality, and these data are very useful when the impact of POPs on human health is being addressed. The results from monitoring of PCDD and PCDF (Figure 1) show for instance that their concentrations in human milk are still signifi cantly above that considered toxicologically safe in all countries. On the other hand, the numerically highest concentrations for the sum of DDTs pose a lower risk for breastfed babies (van den Berg et al., 2017) . (When balancing potential adverse eff ects against positive health aspects for (breastfed) infants, the advantages of breastfeeding outweigh the possible disadvantages).
Financial Mechanism
In contrast to the Basel and Rotterdam Conventions, the Stockholm Convention has a fi nancial mechanism, the Global Environment Facility (GEF), to help developing countries and countries with economies in transition to meet their convention obligations. Since the adoption of the Convention over 4 billion USD in fi nancial support has been granted.
Conclusions and Future
The Stockholm Convention has initiated many activities in the fi eld of POP monitoring. Not only do countries contribute to the GMP, also third parties such as universities and research institutes have become more focused on POP research. The true eff ect of the Stockholm Convention is therefore much bigger than initially anticipated. Also, the capacity building part is very much welcomed by the developing countries and even reaches further than only POP analysis. On the other hand, still much has to be done to achieve the original goals of eliminating the production and use of POPs and gradually reduce spreading into the environment and causing harm to humans. A global treaty with so many countries involved is in a continuous challenge with procedures and political realities in countries, which hamper the achievement of perceived simple goals such as eliminating the use of PCB in 2025.
Nevertheless, the Stockholm Convention moves forward and in May 2019, two more POPs may be listed: the POPs Review Committee in September 2018 recommended to the Conference of the Parties that it consider listing dicofol in Annex A to the Convention without specifi c exemptions. Furthermore, the Committee recommended listing pentadecafl uorooctanoic acid (PFOA), its salts and PFOA-related compounds in Annex A or B to the Convention with specifi c exemptions.
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